Abstract. The large-scale nuclear accident took place at the production association "Mayak" in the Southern Urals in 1957. About 74 PBq of radioactive substances were released into the atmosphere, which resulted in the contamination of a vast area -East-Ural radioactive trace (EURT). 
INTRODUCTION
Technogenic radionuclides are the main contaminants of all components of biosphere. Several nuclear enterprises are located in the Urals Region (the Russian Federation). The largest one is the Production Association "Mayak". It was established in 1940-s to produce plutonium for nuclear weapons and treat nuclear materials. Several nuclear accidents occurred on the first phases of the operation, resulting in radioactive contamination of the environment.
On September the 29 th 1957, a tank containing 74 × 10 16 Bq high-level radioactive wastes exploded at PA Mayak as a result of destruction and self-heating of the cooling system. The radioactive debris, moving in the NNE direction, contaminated a vast area (the Eastern-Ural Radioactive Trace -EURT). At the time of the accident, predominant isotopes in the composition of the radioactive fallout were 144 Ce (66%), 95 Zr (25%) and 90 Sr (7%). Over time, 90 Sr remained as the main contaminant, accounting for as much as 100% of the total content of radionuclides in the mixture of fission fragments, during 8-10 years already after the emission [1, 2] .
Since the beginning of 1951, small natural Lake Karachay has been used for a deposition of medialevel radioactive waste. In 1967, on the lake shore strip, resulting from draught and evaporation, silt and fine sand were raised by the wind. In this case the territory of EURT was again subjected to radionuclides contamination. The radioactive 137 Cs was predominant in the composition of this contamination. Nine years later, the East-Ural Radioactive State Reserve (EURSR) was established in the frontal part of this trace and in fact became a test ground for experiments in the natural environment. Due to secrecy of the entire process associated with the accident only fragmentary data were included in accessible publications, usually without indication of place and conditions of the contamination. General data were published only in the end of the 20th century [3] . In the earlier years, we work in cooperation with Risǿ? National Laboratory, Denmark and Institute of Biology of Southern Seas, Ukraine carrying out an estimation of radioactive inventories on the Kyshtym accident zone [4] . Samples from EURSR were inaccessible to us.
The purposes of this work were to evaluate recent levels and the pattern of distribution of radionuclides in the soils along the contamination gradient and estimate total inventories of 90 Sr and 137 Cs in the soils within the East-Ural Radioactive State Reserve.
MATERIAL AND METHODS
In the East-Ural Radioactive State Reserve area, several plots located at a distance of 6-30 km from the accident epicenter were studied (Fig. 1) . The background plots were beyond the contaminated area. In order to obtain a representative sampling, two or three full profile cuts were made on the different locations. The samples were taken layer-by-layer to a depth of 30-60 cm with regard to the area and boundaries of genetic soil horizons. The wide-ranging difference among soil contamination densities in the plots studied located in the close proximity from each other are shown (see Tables 4, 5 , 8, and 9). Reinstatement works following the accident also contributed to this wide-ranging difference. Typically, they led to reducing radionuclides stocks in the soil. To evaluate intensity of radionuclides geochemical migration we previously studied geochemical couplings that were characterized with the highest diversity of plant communities types; this data are represented in the study [5] . At early stages of the trace formation the radioactive fallouts were hampered by the plant cover and thin topsoil. Over 50-years period both spatial and vertical redistribution of radionuclides in soils occurred as a result of migration processes.
RESULTS AND DISCUSSION
Herbaceous cover and forest leaf litter are characterized by the minimum 90 Sr stocks. The most of it is concentrated in the humus layer of soil profile (5-20 cm). Beyond this layer 90 Sr stocks decrease and at a depth of 40-45 cm only trace amounts of it could be found. In general the same vertical distribution is typical for 137 Cs and 239,240 Pu. The feature of these radionuclides is that their maximum contents are associated with 10-20 cm layer.
A sharp decline in the radionuclide contamination gradient from the center to periphery, both in the vicinity of the accident epicenter -plots 1, 1a, 1b (see Tables 1-3 ) and within reach of it -plots 6, 6a, 6b (see Tables 10-12 ) is shown. These data confirm a sharp decline in the radionuclide contents within the trace cross-section that was identified earlier [2] . 
G. Romanov and A. Aarkrog evaluated radioactive contamination of soils in EURT by 90 Sr considering its area as a sector with 15
• angle and 300 km radius from the conventional center -PA Mayak [2] , from boundary of EURSR [4] . This simplified model we used and for calculation of radionuclide stocks within EURSR (6-30 km to the north-east from PA Mayak). Here, an area of the territory modeled totals 113.1 KM 2 , which is ≈70% of the total reserve area (166.2 km 2 ). 15
• sector selected does not include plots from the EURSR periphery (see Figure 1 plots 1a, 1b, and also plots 6a and 6b and not consider them in calculations. Densities of soil cover contamination by radionuclides in the reserve along the central transect decrease as the distance from PA Mayak increases (Fig. 2) .
This dependence could be best described by exponential law as follows:
where y(x) -radionuclides contents in the soil, kBq/m 2 , x -distance (km) from PA Mayak, and b 0 & b 1 -linear regression coefficients. Using these functions of soil contamination densities distribution y(x), we evaluated radionuclides stocks in the study area within a distance of 6-30 km with the aid of certain integral (integral over the surface in the polar coordinate system):
x · e (b 0 +b 1 ·x) dx, TBq
In addition, integral uncertainty resulting from uncertainty of the integrand coefficients should be evaluated. For this purpose, upper and lower boundaries for I must be found using values of coefficients b 0 and b 1 and considering their standard errors. Here, confidence interval for I corresponds approximately to the 1 st standard deviation. Summarizing the data gathered for EURT outside the reserve in previous years [4] and the above results for the impact zone, we can formulate the general relation of changing radionuclide soil contamination densities with distance from PA Mayak (Fig. 3) .
Calculations of integral radionuclide stocks for EURT are represented in Table 14 . As can be seen from the table above, 75% of 90 Sr, and some 70% of Pu isotopes are concentrated in soils of the reserve, while most of 137 Cs (77%) was recorded in the area outside the reserve. This disproportion in radionuclide distribution is due to Karachay's accident in 1967 that contributed to contamination of area over 30-100 km.
CONCLUSION
Emergency situation at production association Mayak in 1957 resulted in formation of East-Ural radioactive trace. This study presents the data on long-lived radionuclide contamination levels in the soil and plant cover of the head part of the trace, at a distance of 6-30 km from the accident epicenter. Within central axis of the trace, changes in 90 Sr, 137 Cs and 239,240 Pu contents in soils with the distance increase from the contamination source are approximated by the exponential relationship. In the direction from the central axis to the periphery of the trace for all radionuclides a profound decline in the contamination gradient was recorded. Anthropogenic disturbance of the area associated with post accident remediation works also accounts for spread in their content values, and also do so the factors that determine intensity of migration processes. Calculations performed indicates that in present in soil cover of the head part of the trace 75% of 90 Sr, 70% of 239,240 Pu and only 23% of 137 Cs are concentrated, of their total amount within entire EURT. Most of 137 Cs is located outside the study area, to where it was introduced as a result of Karachaey's accident in 1967.
